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(54) LOW DENSITY PARITY CHECK ENCODING METHOD AND DEVICE FOR DATA 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a parity check matrix connected to 
an LDPC code having the encoding complexity of a linear time. 
SOLUTION- This data low density parity check (LDPC) encoding method 
comprises a step for defining a first M x N parity check matrix, a step for 
generating a second parity check matrix having M x M triangle part matrix 
based on the first parity check matrix, and a step for mapping the data to 
the LDPC code word based on the second parity check matrix. This method 
is made valid especially for a data communication application, and also may 
be used for another application such as a data storage. fc 
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(57) («iEW) 

[SSI if^©^fMI5&tt5LDPC3 
- H K t> & *» -5 A U t- f fi^J * ««-T & C t . 
m^Wc) T-^Ofi^Uf^S (LDP 

£ST £ x t- y y <h , m 1 A U 7- ««ff ic S-2*t> 

4Mt5Xf7^t. ^2/1U^i'^aEfi : ^JlcS-^^ 
T^-^ £ L D P C flf§gi: V y If > 3 X x -y -ft. 
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m$tmi] : ?-?e>{&®m;v)7-<<m& (ldpo 

Il©MXN/t'Jr>f^Sff?J^lt5Xfy^t. 
•5MX MgB#fT3*J£;rr£Sg 2 OTA U 5V *WEfrJ!l«£ 
fjEfg 2 OTA U tt*ff J!IK*-3l^T. S5I3'7 ; — 9 £ 

l d p c mnm \z v * tf > ^-r s x t- y y t . 

[fltdlR 2 ] iitrEfg 2 OTA Uf-f ttfitf 9B*» 6 4 tM * 

;u£Bfc£-r£X7^:/£2e>!c-&itJ\ aisfcis i ke^ot 
immms] x—^aHseflEAu (ldpo 

5MX M8B»ff aaJSrW-T^ fg 2 OTA V T ^ 8iM'rtP}&± 

fJfBSg 2 OA Ur-f IftSff JUKUS^T. WET*-* * 
LDPC«ft»t7yi;>^t*f8t, 

ffiEft 2 OTA ijf^ <fciEfT?l* 5 
ST-B^StS&fc'&tr. if 5 £E«OTg«. 

§w*. aoes i ota u ttaEff ^jOTff *-y-f 9 u y * 
• ->x h-r*, ii5R]S5fciBmOTgm. 

[»*B8] HUBBmiOTAU^^^*fr^J*^«-r^^ 

[W*J19] f-^®fifS;tiJr^M (LDPO 
^ft^ny^A-pioT, WEf3H^t::/D^A^ 
n>fc!a.— 9 ■ i/Xf-Alz. 
m 1 OT M x N A >J ^fr^iJ * -5 ^Bl £ . 

ffiESfS 1 OTA U 5V &&nmz&-3\,*X. = AfT^rC* 

5mxm a^fT^j * *rr * its 2 © a u ?■ ««Eff m & #• 

jfflEfg 2 OTA U 5V tlSEfi^JfcS^T. mlEx-* * 
LDPC^^tC^-^ tf>^-r^.^jst> 

CIS^JSIO] !WESg2©Ayx'ffc3i£fT^ja>£4+M' 
HTT£i*-5, W^JggfcE^OTT'ny^A. 
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[»#js 1 1 ] ttrES i ota u ^aEfT^j©^»^. 

flEIS 1 OTA U 7^ IftSEfT ^JOT-y-f * U y * • h * 
^tf. lf*«9tCE«OT7 P D^5A. 
C»*3112] ^-^OT&gggAUTV (LDP 

^mmmmi^x$>-ox, sfiE^^k^p^^A^. n 
yy.=L— 9 • ->x?-Atc, 

Sl«MXN/PJr-ftSfT^S»t5fl@i. 
flftEfg 1 OTA u 5V tt*fr59K:*tJt>T. HAff ^JT* 
/0 SMXMgB»fT^J : S:Wt-^^2OTAiJ5 : --<^ff^JSr^ 

AftG& 2 OT/ 1 ? "J ^-r lft3£fr5!IK:atJV»T\ h5E^-^ * 

LDP C^i§lC-7 y t!>^T-5^flli:. 

£ ^ ff £ tr f> y n 9 =? A £ « m L fc n > M a. - ^ 

0 Bltl&EISfflE^. 

[li^JS13] 31(t^^*JU*^LTlf^jEi^e»§mL 

(LDPO »^»CflF^<fcr*7 f -^il«««-C*tJ 
T, 

20 i 1 ©MX N A U f ^ iSif ?«^^it5f gt, 

DOESS 1 OTA U ««Eff 5UC3S^J»r»T. Hftff ?UT$> 
^>M X MgC^ff ^J<£W-r-5m 2 OTA 'J 5V SI3Eff &l&!k 

hCTEB 2 OTA 'J ttttff 5mcat?V»T, iffir-^ 
L D P C IC7 >y tf > y-T ^© t . 

6 §<S L t 1 - ^ * Eflt L . StJEf 1 - ^ £<£?gg A 
Uf-fM (LDPO »fiC«ffftt4T-i'BI(l 

30 mmx$)^x, 

IlOMXN/VJr^RSff^J^itSfgi:, 
i9Em 1 OTA 'J 5V&3£?TyJCg-^T, H^ff^Jt?* 
2>M x Mg&#f? 2 OT/1 U ^-T ^frJiJ** 

WE^ 2 OT/^ U f-f ^ff?"Jfc*-^^T, H>(E^-^ * 

1 d p c vmm y tf > « ^© t . 

Sr^tf^-^tBteSB. 

[^BjOTpaa^itt^] 

[0 0 0 1] 

40 mmam'Tzmmftm *%wa. -zmmiziz, =f- 

^OT(g^SAU5=-^«IS (LDPO tzmtoj^misj: 
r/gfCSL-, IftWCtt. 7 ; -:5'3Hs*5<fctffBtS:->X 
T-AOTA-f ± u ^P*3<tD:v;i/^ l^;i^i«OTfc«e>OT l 

D PC^^sg'NOT^— ^OTV-y tf >^Ofc*0/VJf-f 

^iEfT^j < 5 s - * ot y □ ^ k w-r Z> . 

[0 0 0 2] 

[St5)5OTS%] TLow-densi ty parity-check codes (=£ 
•^^^ (Gai lager) S/MIT Press/^SViJ-^i— fe 
yy*H^r>^U 1 9 6 3f£) J tC, ^ y-fe->?A 
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e^f^xai^^*^ (awgn) (D^v^jvgmizm 

Ztlfz* U:^T, LDPC^H f—fcft^CDtt 

tsi^^nii^, mz. LDPcu^it 

& S 0 S*t H sum-pr oduc 1 7 )V zl U X 
A^fflBSfbA*— v^a >JKTte, ^a:sum-producta^ 

[0 0 0 3] A— H • r^X^tfdif-^ • ~>*^A 

U-F'VOt> (Reed-Solomon) JHf^lllfi 
(concatenate) SftfcSMIl'iflW**, »#&Sftfc:1» 

fc, LDPC^CDAU^>f^5gff^JO^«e$ (spar 

seness) KcfcoT, **a*^«F^^ii[50Jcaaanfc 

fcfc&Sn*. -f U — K>^a«LDPCW 

^lC^ffif^Cffl^£ttT^£CDT% LD P CX>3 — 

t§LD P CgmcDm&Wteftl&te* TReduced-Comple 
xity Iterative Decoding of Low Density Parity Chec 
k Codes for Generalized Partial Response Channels 
(5yf***!y7 (T. Mittelholzer) , H^+T 
(A. Dholakia) , 45 <fc X W 7 <^ U * # (E. Elefther 
iou) *^/IEEE Trans. Magn. , 37(2), pp. 721-728/ 
2 0 0 1^3^) J CEtSntViS. LDPCfJfC 

.tot, aaEttv'X^A-ett. 
[ooo4] wsesi^^T-AtScfc^jRaea^x^A 
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«0yXfAT11 f0i3^7^U^r-y3 >th 

i/»jx»%JEi (t cm) ifi&mznz. l^u t 

[0 0 0 5] Ta turbo KM scheme with low decoding 
complexity (Catena Networks Inc. /Temporary Docum 
10 ent BI-090, ITU-T Study Group 15, Question 4/-f> 
F/zf7/2 0 0 0^10^23^^>27B) J , Tp r 
oposal of decision makingfor turbo coding and repo 
rt of performance evaluation of proposed TTCM(PCC 
0 with R-S code and without R-S code (Mitsubishi 
Electric Corp. /Temporary Document BI-003, ITU-T S 
tudy Group 15/OK* ^7/2 0 0 0^10^23 
t^£>2 7 0) J 4ocfcr/ TResults of the requirements 
requested in the coding ad hoc report (Vocal Techn 
ologies Inc. /Temporary Document HC-073, ITU-T Stu 
20 dy Group 15, Question /\>y\*)V/2 0 

0 0^6 H 3 1 H^e> SB 4 BJ \Z, VJl/f 1/^jl/AD 

s Lfcm&&zp?)i^w<)ivn s Lfcmo?— 

#H81£ (parallel concatinat ion) <££lffglf y h(D 

'M&^&fft^totl&o TBlock product turbo codes fo 
r G. dmt.bis and G. lite, bis (Globespan Inc./Tempor 
ary Document BA-063, ITU-T Study Group 15, Questio 
30 n4/^M- 7>h l 7-7 , /2 0 0 0¥6fll9^ 
£>2 3B) J \Z, n ^> hBose-Chaudhuri-Hoequ 

enghem (BCH) fiff^ttfflnyPyJ • 7u?>? h 
• 3— H*<t^ChaseT;i/=fUXA{cS^<^<OV^ h 
5IS^77 , U^r- ->a >^fa«^nT^^„ £<bft 

[0 0 0 6] TLow-density parity-check codes (3r ir 
(R. G. Gal lager) ^/IRE Trans. Info. Theory, 
vol. IT-8, pp. 21-28/ 1 9 6 2^1^) J , TNear 
40 Shannon limit performance of low density parity ch 
eck codes (Vy^r-f (D. J.C. MacKay) 45<J;tfX— )V 
(R. M. Neal) ^/Electron. Lett., vol. 32, no. 
18, pp. 1645-1646/ 1 9 9 6*£ 8£) J , TGood erro 
r-correcting codes based on very sparse matrices 

i??V f r<i (D. J. C. MacKay) ^/IEEE Trans, on Inf 
orm. Theory, vol. 45, No. 2, pp. 399-431/ 1 9 9 9 
££3B) J $5<kZf TReduced complexity iterative dec 
oding of low density parity check codes based on b 
elief propagation (7t7VU7 (FOSSORIER, M. P. 
50 C.) , ^Myxh*7^ (MIHALJEVIC, M. ) 45<fctf-fV 
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-f (IMAI, H.) *=g/IEEE Trans. Commun. , 1999, 47, 
(5), pp. 673-680) j £eiR3ftTfr>«. LDPCfr 

[0 0 0 7] TBandwidth efficient low density pari 
ty check coding using mul t i levelcoding and interat 
ive multistage decoding {^y^Y^y (K. R. Narayan 10 
an) fccfctfU— (J. Li) ^/Proc. Int. Symp. on T 
urbo-Codes, pp. 165-168/ :7 ^ >X, 
00¥9^) J \Z, /HtULDPC^Py^J}^! 

fxf-yl^^^;^l/^§ft{:, LDPC 

>^-u-^LDPCfi^ • ~> 

>#;K7>as?^fl6ffl$ns tfy ^t^T^> ldpc 

©LDPCX>3-^/f3-^StL, #JCg^ 

[0 0 0 8] TLow density parity check coded modul 
at ion for ADSL (Aware Inc. /Temporary Document BI- 
081, ITU-T Study Group 15, Question 4/-f > 
7/2 0 0 0^10^23*^2 7 0) J Kfc, A*-f^ 

uldpc^p ?9im\z&3< ^ji^uuwmtm 30 

«*ii*«F^{k<z>fttoOK:LDPC«F^fl:3&tfleffl* 
n5:t*W^, MffcWtcS'? <h> set partitioning 
#*, TCMT^^^tl^^COi:^— (DWimz'titOo Z.<D 
iiJIJDCDBose-Chaudhuri-Hoeguenghem (BCH) 

B&set partitioning^ ifc (V7M 

n&m\z-D\,*T'Amte&m\z-DU&z>o 

[0 0 0 9] ("Temporary Document RN-25 (ITU Telec 40 
ommuni cat ions Standardization Sector, Study Group 
15/*i-a- • is*? — V—/2 0 0 1^5^2 l^«b 
2 5 S) J \Z, &^#J (deterministic) LDPC^S 
ADSLfi^^^ADSL L i t efcm^<D*r 

OWOIr»t«iTS. flF^ftfCte, O (N 2 ) IS 
OfltllEftt&B&tt*. 

CO 0 1 0] a«S*l*«*tf!y hom&fRKDifJl— 
7&&tfm2<D?)l-7\ZftmTZ>ATv7Zi. Ztuv 50 
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fy^i, yu-f 3-Hft*n&Vylf>ifHlk (Gray 
-coded mapping function) (Cj{oT!/D7^ ■ 3 — F 

n^v>^;i/^^mt"^x^^y<t^^o^ji/5 L i-^;i/ 
&«F^<t*j»icBLTiinfctttt*ai«-r*. ft^{t*ij 

Mtlft^, #Sfi^:sum-productTJl/^UXA (SP 

a) sfctt*o«*is©fi^«*«E«*^uTa[^r* 
^t#«5LDPcaf^sfcB5/>^ • yny^ k 

[0 0 11] LDPC}J§ICHIt-5Wm JtttM 
»^^{t©«St^*^B^3teSCtT»S 0 LDPC 
«F^S**ffif«yD^^IC«F^©*j3tff?0 (generator ma 
trixof the code) CI £ o T# 

£\ fSF^flSfctt, O (N 2 ) ffl©»»39«ffcB-C»a (N 

\ZU^ (linear in time) J TfttttV*. ^etc, f§5££ 
tlfeLDP C/1 U 5=*>f tt*ff 5>J^6«F#©**ff JOSW- 

(n 3 ) fl0ttffe«B&-rs. mffliifcL »s©ld 

PC«aEff3miC^^TlB*ff**l, ^^^-r>THfT 
/tUy>f**ff5a©*J!l (family) ©1^ 

ttt, fif^**8«rt i:a«sfts x d s l © 
LDPc«p^<oa»*e9&«F^ft^«-r 

r Low density parity check codes with se 
mi-random parity check matrix (tf> (L. Ping) * V 
•>> (W. K. Leung) . fci^rAK (N. Phamdo) * 
^/Electron. Letters, Vol. 35, No. 1, pp. 38-39/ 

1 9 9 9^1^70) J % TComparison of const rue ti 
ons of irregular Gallager codes (^ytr^f (D. J. 
C. MacKay) , *?4)WJ> (S. T. Wilson) , &&&& 
^-f (M. C. Davey) £^/IEEE Trans, on Communicat 
ions, Vol. 47, No. 10, pp. 1449-1454/ 1 9 9 9^1 
0£i) J iScfcLK TEfficient encoding of low-density 
parity-check codes (U?t*-HV> (R.Richardson) 
feck^JWOy (R. L. Urbanke) ^/IEEE Trans. 

on Information Theory, Vol. 47., No. 2, pp. 638-6 

56/2 o o i*£2m j i:ssnt^s e 

[0 0 12] TLow density parity check codes with 
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semi-random parity check matrix (t!> (L. Ping) , 
1/^7 > (W. K. Leung) *i«7rAH (N. Phamdo) * 
^/Electron. Letters, Vol. 35, No. 1, pp. 38-39/ 
1 9 9 9¥1^7B) J Tte, LDPCff^AUf^f 
#&fr9Mfi+ (deterministic part) <h^> 

pjUffltt (random part) ft<&tf £^ 3;lc*"l? r-fc*9 

fcrr<5fc»K:, #tt#Atrr&to"6 fVif-tfifl J£ (ba 
nd-diagonal or "zig-zag" form) T£><5o /^U^-f^ 

$a£> 0 TComparison of constructions of irregular G 
allager codes (Yy^r-f (D. J. C. MacKay) , O 4 )V 
V> (S. T. Wilson) ^cfctf^-f (M. C. Davey) * 
#/IEEE Trans, on Communications, Vol. 47, No. 1 
0, pp. 1449-1454/ 1 9 9 9^10^) J TEffi 
cient encoding of low-density parity-check codes 
(U^-FV> (R. Richardson) tS&ZfiO JVny* 
(R. L. Urbanke) ^^/IEEE Trans, on Informal ionT 
heory, Vol. 47., No. 2, pp. 638-656/ 2 0 0 1 ^2 

iCcfcoT^^^n, Hftfr^I (triangular) Sfcte r« 
t^H^fT^J (approximate triangular) J T&'S^lt 

at, ®mtoUft^{k&^m\zT*fcto\zwti£znz. z. 

ft5©I«l»ftfn, »»«fWT?«F^ftRl««:LDP 
CWF^tC^fcjWa. La>U dtltC^, TlBft^tMfSc 

(a) 7>yAi:M^n^'Jr^M^^ 4>S 

■ft, fisuK^&ttntf&e&v*. 

(b) /1Ux^^l£fT^JftH«fT?0^^:«^«H^ff^J 

(c) HSftSfiFf^ ^>yAtC«/£2nfcLDPC 
[0 0 13] 

[*w^»*L«t3fr«swi] *»«fW<DiaF#{b©ai 

£8£ L D P C ^{C^^^^/t ij 5^ ^*ff JiJ 

*«ftt*Ct*a*LVi. ^fefcftJEW (dete 

rministic) T&D. sMSc©^ 9 *~ ^ ftrfr LTJi^T 

[0 0 14] 

©flMPft/IU^^** (LDPC) &mt<DJjtik-?Bb-D 
T, ^ 1 x N A U t>{ if fr^J^S it^»Xr 7 ^ 
<h> fgl (OM X N A U f >f feSEjT^JCS^^T, H^ff 
^JTfe^> M x MgJtfHf #]ft £ff§ 2 O/t U 5V ttSEfT 
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[0 0 15] ZKB^rftKtt* 3 SIC, »20/tiJf-f* 
Sff 50* 6 4 ^ ;p ft Rfc^t" £ X T- y 7 ft £ z. <h 

*»A«»C»o&R*K:W-©«ft-fey h-TSX^y^ 

[0 0 16] t>5 lo<0tt«to>S;«8W*JL*^ »1 
<7)MXNA a U^^^fT^Jft^S"r^)^©<h, fgltf)M 
X N/S U ^-f ^jfifT^JlCgcJ^T, H^ff^iJT^^MX 
M«WMt#I ft 3 Sg 2 <7> A U 5^ ^ «3efT50 ft £f£-T £ 
m2CO/XU^^^fir^J{CS^^T^-^ftL 

fiBfflE/tU^tME (LDPC) »fjfcSl*«a«Sft 

[0 0 17] lo©«8«*6*aSWft*-5fc> t 2 - 
^OfiafK/^U-Sr^ttSE (LDPC) U^yP^^A 

X-r-Afc, g l ©M x N/1 'J r>f ttSfrMS^ 8t 5 ¥ 
Mt, m 1 OMXNA°U5"^^fT^JtCS^V^T, Hft 
ff ?UT£>£ M X MgB^fT^Jft WtS* 2 OA U ^ «i3E 
ff^Jft^^T^^/Si:, IS§2<Z)/1U5^^fTWCg^ 

[0 0 18] *5B9ifcL l»ft*;«^bt**ll^ 

(ldpc) ftnm\zftmt~?z>T-?mmmw 

ff M x MgB^ff ^iJft^-T 3fg 2 ©AUr>f 

ff^jft^^-r^^gi:, *m2<DWr<<mMnm\zm-3 

[0 0 19] ^ e>(^ ^ • X hl/-y • 

r-^«SSA'Jr^f (LDPC) |f*BJctf# 

m 1 OMXNAU^^^fT^JtcS^^T, H^ft 
^IJT^^) M X M«B»ff ^Jft*-T 2 OA U ^SfT 

t-^$:Ldpc^si:-7 7 tr>^r^>^a<hft 
[0020] i^ot, aftan-s/^u^^ttaEffja 

tt. «»l«WI©«F#fl:*S*a**r*LDPC«F^^ 
OA^^-^ft^LTJg^"T^C:<h^T#^o ^Tc. ^ 
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<D£otefrMZ. »/MoMffli**»ir«*«l«l 

«sn*LDPc«F^tra**fcj4*n£t±T*a. 
[0021] cn^^sjK-r^^e^off^uv^ifijg 

SfrHIOilJ&ettJBTS. 7W • n-Htt, TArray 
codes C/^A (M. Blaum) , (P. Farrel 

1) fe<ttfT--f ^ (H. van Tilborg) *?/Handb 

ook of Coding Theory, V. S. Pless and W. C. Huffma 
nEds., Elsevier/ 1 9 9 8^) J fcBftSnT^S. 10 
LDPC/1U'r->f«iaEff5a*SSfc»OTU'-f • H 
<O^J&Ouf gWjgfflte, TArray codes as low-density 

parity-check codes (V r > (J. L. Fan) /Proc. In 
t. Symp. on Turbo Codes, pp. 543-546/^7 ^ >X, y 
0 0 J TLDPCcodes for G. 

dmt. bis and G. lite. bis (X*7f (E. Eiefthe 

riou) 43j:tfx;kfe— ;i/ (S. Oelcer) **/Internati 
onal Telecommunication Union, ITU-T, Study Group 15 

/ Question 4, Temporary Document CF-060/^g^o 
i)y)H#i)7V* — /2 0 0 1*1^8*512 *0 
0) j fcEfcSftT^S. aftKifi^fc 2 ^CO##3tffl5 

[0 0 2 2] 

[0 0 2 3] EtTTtt, 

[0 0 2 4] sfai*#itst, #S89!<0#*L^ 
*J6»IBK:tt, ^ y*;wnA#« (DSL) I^t 

iimgBiote, n>t!i-^. ->xta, 

h3 0£~>>#;i/5 otcxa-r 

[0 0 2 5] H2t#mt, *a«©»i:ffSL^ 
itm^Bl OfC, 0 0, #ftjgg 

i o o Kflsaaftfc^Ds/i? • x>n— ^T^^>x>=i 
-yi l o, &<£tfx>n-y i i o k&m»i ooi: 
• Ty/t- 1 2 o^ssns. 

1 1 oKSMiisn*. iwe*K »mi o of*, 50 
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<om\z, 1*«M4 0»&9AStl«imilfy h3 OOlft 
^ Si <D*f)V—7 13 0 43 .fctfffi 2 <D#)l,—7 1 4 0 
fc#»rr*. x>n-yi 10H ^2(^)^-^14 

/^U^^tftatfrWfcatJ^T^P^^flF^l 5 0^M 

T3o /ty^fettfr^itt. 3-H-;w-^i7o 

>^gilS{C«£oT, ^ny>»^15 0fcft#tS-» 

e«£3i«sn*. »i»ioon h • i/^x* 

iHft^ei 0*, (l) A-F^-fir— F • 

# («r«aiS) fcioT. (2) 3>ea-^-7 P n^ 

(3) a— H«7-fir— H • Dy^t3>if^ . y 

[0 0 2 6] B3*#Jirr*fc, B2ICBI/THIC** 
M»TKWbfciil«S«l #9Jg§ 1 

0 oa*««S*U X>P-yi 1 o*t, MI4 0*5 
afllUfcllMBey h 3 0Of<T*»ffclT, :/Dty 
^^15 0$Mt§, -»#;P-7y;V12 0 

uyp&m 5 otcfe??'r^)->>^;i/or3>x7 = '^'->' 

[0 0 2 7] H4 6#«t*i. *»»Off*l^3«l 
^Tte, fr#)^x*l^- * 1 6 OK* Hftfr^x* 
U-^3 1 0fc»|*SttfcfT*J£»O5?yir 3 0 Qifi& 

&nz>o B5*#nrr£<h, xfyy3 5ot, »fp 

— 9 17 0 CS^^TS 1 OMXNAU^^«|5^ff^J3 
2 0^|«, Xf7^3 6 0T, HAff^iJ^x^W 
-^3 10^ SI (BfrMKStJ^TSS 2 <Z)fr?>J££5£ 
T6. f&2<&fr*lfcL MXMO = flfr^T**»#fT*I 
Xf7^3 7 0T\ Ht2a>fr$l#<. ffJU^x 
*V—9 1 6 0*bX>3-y 1 1 0 Kflw&stis. X 
>n-y i i o^(Dt-^A*^ JB2 0ff$SlcX^ 
TLDPC«P^Hl:7ylf>^ft5. 

2 ^<Z)^?££, B643cfcrXB7 JcBbTcn^ 

[0 0 2 8] B6«#M-r«&* **!8©»SL^« 



1 



(7) 



11 

n— F^HTS/tU^-rttSfT^J (parity-check matri 
ces for array codes) (DfeWzHt'o T^iit~£>o X-r* 
y:/2te» (upper-triangular structure) 

**S"T*ft:«)^ffJiJH*ft5gWfc#EjE-r*=ftft (tr 
iangularization) X^^^T&S. XT5/^3fCtt, 
82 0Xfy >^T^ A * n& nj tBte**» £ 4 +M d7 ;u £ 

[0 0 2 9] <Xry7l : H(D^^ (Definition of 
H) >7Wf • 3-F»<OLDPC^UT--<«3tEff?»H 

k, j (k, j^p) C«koTS8SftS. fr^JHte, 

[SC2] 



H = 



"I 


I 


I 


I 


I 


a 


a 2 • 


- a"" 1 


I 


a 2 


a 4 - 


.. a «k-» 


• 
• 

I 


• 

a H 


a^- 1 ) . 


a o-ixw-D 



[S3 



0 10 0 0 

0 0 10 0 

0 0 0 1 0 

0 0 0 0 1 

1 0 0 0 0 



0 0 0 O1 

1 0 0 0 0 
0 10 0 0 
0 0 1 0 0 
0 0 0 1 0 



ft$k*mm-rz>o m&uz^v, nmHtt. 4-tM#;w- 

[0 0 3 0] Htt. «f§»fiN=kpW«Jf>f«» 
M=j p€r#T^LDPC^<^^jCD/1U^^«ISff 

?o*;arr. «HHg«N' «n) sfctt/xu^^tt** 

M' «M) *ff5LDPCfif§H H(D^(D (N 
-N" ) W;fe<fctfT«<B (M-M' ) 'fT*mm?Z>Z.h 

[0 0 3 1] <Xf7^2 : Hc^H^fb (Triangulariz 
ation of H) >H2^ y^ff^l^St 
H= [Hi I H 2 ] 

X&Ztl. Hi^, #7Cj px j p^l> H 2 J^ *7G 
j px (k-j) p£WT£fcco<h-r£o Ut^ Hi<Z> 
(main diagonal) ±CD§M3t£: 1 tC@& U 



70 



*0 



.70 



40 
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£;tt:fti&(?>T<Ot^T<^lSf K 0 Sr-fe y Ft* £ £ £ K <fc 
^THi^6»6ft« jpXj pO±H^jfTJUT*^t) 

j p x k p(£>fr?iJ 
Hu= [U I H 2 ] 

[0 0 3 2] ff^JH*t, **fCcfcoT4U--f^;i/3&«a:^ 
Htj*^ ±H^fT^JU^^Ab^C<h^gaUT, 

[0 0 3 3] <Xry73 : 41M*;KBl»* (Elimin 
ation of 4-cycles) > A = Hu • Hu T T*£>£ 

a m ,m» m= 1 , j p CJ:oT, frm<7)/\^ >^lt 
m, n=l, — , j p, m^nlUoT, /1U5V£^ 

[0 0 3 4] LfJbt, /XU^^«3lEff5(l««4*-f * 
;i/ • 7'J- T*SCi:*«aE"rsfc»fwtt. (a) A = 
Hu • Hu T OTH^gC5> (lower-triangular part) £§r 
JSL* (b) a m , n >l- (m, n=l, — , j p ;m 
<n) <Dm-£\Z, Hv<Dm (n, m) BftftOSir^F 

[0 0 3 5] 5 L ;i/^H U (CJ:oT> X^-/y3(7)g^(C 

#sn*frai**-r. ^;i/yHut-ctoT^«$n^L 

DPCff^t #^§H^N=kp. AU5 = ->f lftS*M = 
j p, 6±ffi«7*Py?fiK= (k-j) p^Wt 

[0 0 3 6] »*ttfc«F*tfctt, ^^O^^fT^J^tr» 

(N-tuple) xte. 0«Xl?)f^h 
;i/T&£*>CD£LT* T)l¥H\j • x = 0CDt§£icPgo 
TLDPCt?HtagK:frS. C<Z)^i7 F;i/xtt, #<£>J£T 

[«C4] 



50 



ZLZ.X, jpXio^hiPpit, }}f» x o;iijf>f 
(k-j) pxio^h;|/s^ jf^ffix^ 



i 



(8) 



C&5] 



13 

y 

5 



= 0 



[§£6] 



Pz 

L*/J 



5 = 



CCT, Pi= lPi, n ; n= 1, 2, — , p} , i = 
1, 2, — „ j TftO* Si={si, n ;n=l, 2, 
p} , 1 = 1, 2, k-jTft£o p 

i , — „ i £-o^Tt#e>n5o 

[»7] 



<=1 
J 



30 
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[0 0 3 7] Ltzffi^X. -kOftmt&mi*. AUf^ 
^Sff^J^JU^Hu^H^^lgjg (triangular structur 
e) i5j;tf-£-<B*fcfSS (sparsity) SWffllT^S. 

[&8] 



2 



Xl + r)+fl--l(l-r) 



[0 0 3 8] B7S#l«t, 0 6JC||bTKfC|ft0J 

[0 0 3 9] <7,"rvrf\ 9 : H s <Dfem (Definition 
of H s ) >ff^JH s «> 7ay?m&<DM-?* frWHOfr 

fcSoj pxj p®<^ity • ^py^jc, fc: 

«fc9] 



H 5 = 



a 



T 



I 
I 



I 

a 
I 



[0 0 4 0] <Xf7^2 ' : H s (7)Hft>ft: (Triangula 
rization of H s ) >fr?UH s te, £«(0j pXj p{@<£> 



a 



2(j-3> 



I 



a * 

Q 2<k-3) 



»(HXM) 



So 

[^Cl 0] 



(9) 
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15 



16 





I 


I 


I 


I 


I 


I 




0 


I 


a 


... a* -2 




a k " 2 




o 


o 


I 


... a «i-3) 




a 2( k -3) 




o 


o 




O I 


a^ 1 


* 

... a (HXk-i) 



[0 0 4 1] Ho s CJ:oT$iSn5LDPCi§(i, 
fiffMN = kp, /N°U5V&ltftM= j p, i5j;tP|# 
i?D-^SK= (k-j) p£*rr-5„ H 

[0 0 4 2] tr^SN' «N) SfcttA'Jf^^a 
ftM' «M) SrWT^LDPC^ta, Hu s ©^W 
(N-N* ) J«:feJ:trFit© (M-M* ) fr£fifc3irr3 

[0 0 4 3] xS^W&ftF^fcte. 0 6 {CSLTSfrtClttBJ 

bfe^fefc n l Tstr tciftBj b it h <d h m— o&T*mi& z 

[ft 1 1] 

yK/+3)+(/-3)] 

[0 0 4 4] H6*cfci;7K:BbT*M««r99^«^ 

H^fT^J^r#"t"'5o TComparison of constructions of 
irregular Gal lager codes (Vy^r-f (D. J. C. MacK 
ay) , ^^;i/V> (S. T. Wilson) (M. 
C. Davey) ^H/IEEE Trans, on Communications, Vo 
I. 47, No. 10, pp. 1449-1454/ 1 9 9 9*£1 0/3) j 

TEfficient encoding of low-density parity-che 
ck codes/ U^V — FV > (R. Richardson) ^fe^tf^ 
;!/A>^r (R. L. Urbanke) ^/IEEE Trans, on Info 
rmation Theory, Vol. 47., No. 2, pp. 638-656/ 2 0 0 
1*P2/J) J fc, rK«=A»j CO^ 
[SI 2] 



(C. D. E. *3«t^TtiMS^^7C©fT^JTfeO. T 



/0 



20 



40 



.tot, OTWlCf^Ch^tS. 
[0 0 4 5] fct^ti, H6CWUT*?MHrefl(|k:K 

[ftl 3] 



H = 



H 3 H< 
H s H 



6_ 



t P x t P e>ffm-v& d , sft fi^j 

^2l:i0Jt5£AftXf7^, HsCIfflt*. U 5 

t p x t p±H^ff jijTfe-sfewt-r-s. 

[0046] jpXkp Off 
.70 [ft 1 4 ] 



H 3 H 4 



H 



50 



Wi$.<£> TComparison ofconstruct ions of irregular Ga 
1 lager codes ("^y^r-f (D. J. C. MacKay) , O 4 )V 
V> (S. T. Wilson) &&XS¥^ (M. C. Davey) * 
H/IEEE Trans, on Communications, Vol. 47, No. 1 
0, pp. 1449-1454/ 1 9 9 9^10^) j TEffici' 
ent encoding of low-density parity-check codes ( 1 J 
ft-H7> (R. Richardson) &£ZfO ;W\*>^ (R. 
L. Urbanke) ^H/IEEE Trans, on Information Theor 
y, Vol. 47., No. 2, pp. 638-656/ 2 0 0 1 ^ 2 ^ ) J 

\z zmmtettmitfl pin* ldpc u ^ & 
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[0 0 4 7] W*>fr\Z. Xx'.VT'l ©fr^JH*, ftjjft 

[oo4 8] mizjnvrc^oiz. muzmi^T^mmm 

£#&©KHgffl-r<2>;r<»:#T#-5o zwgmofcsbtz 
tt, fr5iJH s <73 t - ime>TM7n-y?nz&z-y-( 5 

yif • y7h ~t%> d t fC ck o T, X^-y^l' 
y7h$n5. -£©». Xf77"2' -£©<fc-5K:b 

Ti#e.nfcffjycofcTo t p x t pgp^fT^jfc'ttJciiffl 

(a^H^itT^ITg)0. 4 1M 5^ rcompar 
ison of constructions of irregular Gallager codes 

C?-y*r-1 (D. J. C. MacKay) . <7^;i/V> (S. T. W 
ilson) , fc.fctf^-f (M. C. Davey) ^/IEEE Tra 
ns. on Communications, Vol. 47, No. 10, pp. 1449-14 
54/1 9 9 9f 1 Ofl) J TEfficient encoding o 

f low-density parity-check codes PJ^-V — FV> 

(R. Richardson) & <fc£J^;l/A>^ (R. L. Urbanke) 
*#/IEEE Trans, on Information Theory, Vol. 47., 
No. 2, pp. 638-656/2 0 0 1 ^2 R) J (Cfi£^«jgL 

d p c&mt\zmm\z8>m-tz> z. 

[0 0 4 9] -t>«0, ©#ID tC#5>tl-5ff 

?IJ£. fT^|6j*3cfc^J^r&lfC^OiSJ6T. f3^l§fi:fc<fc 
i!>*A U 5^ &SgC©4#5£©ffi£iiJ&-r& Clt^S. 

[0 0 5 0] *fgBJ©<^<0;fr©*i£Ji^Tte, /tu^ 

^^fT^j*, 5i«^^^.;i,2 o^ir-r^mm^<Dm 
mmmi o«a^©^i:, nn^muw ^ 3 0 otc=k 
oT^«T^^<h^T#^>„ fT^j*. mm? 

**)V2 o<DM&?8-vmffitsnrz%.7iizm~J^T, mm 
mizftpifema^vt? 3 0 ofcjcox^-rseii^T' 

SiHISBl O'N.wrj- H • n?* — *? l 7 OWftfel; 

WZmu^y 2 3 0 0 {Ci-pT^^-r-S^t^T^^). 
fciA«. l^Sfctttt&WAU^Matfi^JS:. fr^J 

^*D->*< y ^ 3 o opiT*mMmi£-r2>z\£&x'£, &m 
Mm-feznrzftpw. mwin^ntza-^m mm 

m&vmffimizisntzftpi&m-TzmffiBm-zte, 
mm.<nm$M\z. mmttnnifi. nm-fcmuzsyz 30 
o^*tbxiu?^n^. ^(Dkoumm-z. 

m\zmm bfc <fc 5 K3Hi5P^ 2 0 ©Sg.&fil]©8r»f;: 

[0051] *5twv>m^\s^mmBm*. ^ti^x-« 

©£5&->XxA^©3fflfc:3ii||&;**l&^«, fct^.^ 
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0 8£#8g-r-5<h. fiu(Ci»WbfcX>3-^l 1 0©* 
»gSI£. IffflfU Od^W^-^^A-K -TJX? 

i3tt-rs7 ; -^iate->x^A2 1 o-cmm?z>z.tibT 

[0 0 5 2] *B^^»TmitcI5iB4Lfc^<aggl 0. X 

>n— y i i o, ij.ttxff^i^i^i/— ^ i 6 oo-e-n 

•6n£> (1) A-K7-ft-K-Uy77l:ioT, 
(2) n>tfrL — ^ • 7*D^7A • 3-F*ffl^T7'n 

io ?7Ai£ntzm.m7n±y-v/3fm5 £ 4>>5')i>m^7u 

tyiflCiot, (3) A-R-f "V- H • 

09^#flSt-^t. mliC0 2(CHbTI»BJbfcT ; -i5'® 
fi'/XfAT, j£«S«l0f::. 4 1 0tc^gg$ 

titz7atr7-?7)\s - -JfJim^-Ju-tvV (DS 
p) 4 o o £-g-a6<5;r ^'J 4 l o fcn>tf 

i-^ • 7^p^5A • n-H4 2 O^fHft^tl, n>tf 
3-5 , -7d^7Ao-F4 2 0*5, DSP400C 
20 ±t>T*ff Stl-S^tC, 0 5(CHbTM(ClK^b^a 
<©X^-y7 p *^fT-r-5J:-5lCDSP4 0 0 £«fi£-rs. 
[0 0 5 3] *M»«Tia s Sb«r^iai»IBlcHbT*f6 

[0 0 5 4] SiJbtbT, *fgs;i©#lJ5£tcMbT£CF 

[0 0 5 5] (1) 5 1 — ?<D&mWV)7-4$££. (LD 
PC) ftmt<D?3m~?$>-DT. IlOMXN/VJf-fft 

^m2©A'J^i'^f ; T? ; iJS^^-r^X^^yi, WfB 
m 2 ©A U ^i- **ff Mfca^^iT, mrlB^-^ * L D 
PC«F^|g(CV^tr>^t- SXfvyt. S^tJ7?ffi. 

(2) WBJB2©/XU7--f«aEff5iJ!S»64U-f 
itSXr-y^^e,!:^, ±IB (1) (ClBm©^ 

(3) SaaBJBlO/XUT->f*lEff5!IOffiraB^«*«, H«a3 
^ 1 ©A- U ^-Y IftSEff ^J©ff ©It-f i7 U >y if • ->7 h * 

40 *tr, -tie (l) tct2^©*S. 

(4) BfHBMXMg6^fT3nJ©^M^^lC»cfc^^tC|^ 

-©ffl^-fe-> h-r^x^-y^^^tf. ±ib (i) i:et 

(5) T-^«fiMrtUf^S (LDPC) 
liTfeot. B 1 ©M X N A 'J r^f 

^®.iz. Bfrf2^1©A'Ja--i'^ff?iJ(C*-^^T. H 

^ff ^jt?fe^>M x umtt'tim&m-Tz'm 2 ©a u «i 

&nPl$:!kf$.-?Z>m&£. mHB^2©A'J^^^ff?iJ 
ICS^T. fifFf2^-*£LDPC??*f§§tCV-;, tf>^ 

50 -rs^at. ^^trgs. 
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(6) HtrlH^2»/'?U^-<^fT^JSr^-r^^*^ 

utem 2 (dj\ u &&nm&z> 4 ^ s 

±13 (5) lC|3«CDgSo 

(7) HdI2mi W/l'J^-f^lEff^JSr^ftT-S^^. 
iiUfBSg 1 ©/'? U tfegfT^JCDfirfclM W ytr - is~7 
hfa. -bIB (5) KiB«©gB. 

(8) tStemi »/S°'J-7 1 ^^3£fi : ^l*^'r-5#e*t, 

ttyht*. ±aa (5) rceftoaa. 

(9) 5*— ^©fi««/tU5r-ftftSE (LDPC) 

3.—^ • v-X^AK, Ml 1 ©MXN/l'J^^^SEfrJiJS 
^«-T 3 <fc . hubBIS 1 ©/I iJr-C *a6fT5!IK:*tJv» 
T, Hafr^JT*£MXM8P#fr^JS:WT3m2©/ < ?'J 
T--f**ff?U**J«-r**)Ht, S3iBm2©/1U5V& 

do) Huie^2coA°u^i-^*ff?«J*^4-y--f 

it -5. ±13 (9) iciamot/D^A. 

(11) Miami ©/1U^&£fT3flJ©/&gat, mfsBSfl 
1 OnUf-f ttStfimW^ >? V vtf • i/7 bi^tS, 
±13 (9) lCf3«©X"n^7A. 

(12) ^-^©©^S/I'JtVEI^ (LDPC) *J-5§- 
□ ^ y A ««M Lfcn > Ma.—9Vt^9L V nimtttR 

-racist. saiEJBi ©^uy-^watfWKS^tiT, 

H^fr^iJ-e*-5MX MgP^ff ^J^^-r^m 2 ©/1 U ^-f 
«tf£ffai*£jsfc-r*f*«£. IWffiflS 2 O/t U ?V ttafcfr 
^iJtcS^'^T. mrlB^-iS'^LDPC^^IgtCV-y hf> 

d3) aflft*jn6^i/Ti*»*5afli/ftT- 

^SSIIiL, MBt*-* &«MJftAt U^IME (LDP 

o ^ffitc^^t-ra^-^jimgM-cfeoT, mi 
as»ff ?y * w-r * SB 2 o/x u t- >r utfEff * £err a # 

at. «HHIg2CD/tU7 : -^^*ff?>JCS^V^T. HfrfB? 1 
-^*LDPC^I§(CVy e>^-T-5^a«i:. S^tt 

(14) 5*-* • X hW~ v 5 • 7-Y*)lft<?>mmmfriE> 
glsLfc^-^SrfBtftL. Mf3^-^*<g^S/1U^f 
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(LDPC) ft^tRKfJ^b-f^-^tBt&gigT' 
Sol, miC0MXNytiJ7=-^MSfT?lJ5^«|-r-5^g 
<h. Hitf3mi©/1U5V&lEfT^m*0*<AT, H^fTJiJ 
TWMX MgP^fT^J * S M 2 CD/1 U 7- MSEfr 5IJ 
^^tafgi, Hlf3m2C0/1'j7W^fT^J(C^ 
t>T, mlfB^-^^LDPC^iSfCV^ bf>^T-5^ 
St, ^■^tT7- : 5'l3«^B«, 

/<? [02] IfyXrAOSfgifflyo>^0TS5. 

[03] mm~>z>7-&<D>bv i-D<Dmm&mv>~7o-y{7 
[04] mm&moftmi?**u—?v>zfa>yzm-c$> 

•So 

[0 5] ss«s«©x>3-y«ififca«:r*8iinH-e 
[07] fTr^jv'x^u-^tc^-r-sfe^ locoans 

20 [08] 7— 3'f3«^X7ACO^'n.y^0T*-5o 

[09] aft->X^A©iiHsS!S©fc5 1 -zxDMvy/u 
•yi70T$>-5. 
[^^coitt^] 

i o mmmm 

20 aft^-v*^ 

30 mnvvh 

4 o mis^ 

5 0 ->>#/P 



10 0 




.70 110 




12 0 




1 3 0 




1 4 0 


^2C0^-y 


15 0 




16 0 




17 0 




2 10 




3 0 0 




3 10 




40 3 2 0 


*10MXN/t'Jf>f«tff?iJ 


4 0 0 




(DS 


P) 


4 10 




4 2 0 
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[HI] 



[0 2] 



tM0 


30 




50 


1 / 1 


1 — J 




L — 7—1 















40 



10 



20 



30 



100 



130 



40 150 



170 



110 



-160 



•10 



[03] 



[04] 



30 



,110 150 



,120 



10 



a 



f7* 



-160 



T 



170 



50 



160 



30 




320 




150 


*—» 




















300 




) 

310 





[05] 



[06] 



[0 7] 





(13) 
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[ms] 



[09] 



itmm 



210 



7 — v 



110 



-160 



— 5> 



200 




:7D> h^— ^OttfT 



(72) 



(72) 



x/\*>yax • X^ :7nx • xl/^irU 
X-TX8038 fa-Uyt ^7'J7va 
h^—fe 53 

■J F • vnr • if;P^u>f x 

U*^&*H55902 ^V^«Dfx 
xXh 5225 



(72)3£0J§# -try h • 

X-fX X-T^-8804 7^7 

Xil/V^f 17 

F (#M?) 5J065 AA01 AA03 AB01 AC02 AC03 

AD02 AD06 AE06 AF03 AH01 
AIIO 6 
5K014 AA01 BA02 



